Water is one of the most important nutrient for human and also for aquatic organism. Poor water quality has adverse effects on human health and aquatic life. Hence, protecting the water resources from pollutants and the monitoring of water quality is important. In recent years, some kind of methods such as water quality index model, regression analysis, factor analysis, principal component analysis, cluster analysis, etc. has been developed for easy assessment and interpretation of large amount of water quality data. Among these methods, multivariate statistical analysis has an advantage of giving an idea about possible sources of pollution. In this study, the assessment of water quality of 10 different sampling station in Kirmir Basin which is one of the most significant drinking water resources of Ankara, the capital city of Turkey has been investigated by using multivariate statistical methods (principal component analysis-PCA and factor analysis-FA). 18 water quality parameters were analysed for each sampling station and used for the statistical analysis. The correlations between parameters and sampling stations were evaluated by using statistical techniques in terms of underlying factors. FA/PCA identified water quality parameters in five groups. The results revealed that Kirmir Basin was mainly affected from agricultural activities, urban land uses and livestock activities. The improving of the water quality in this region can be achieved by controlling these activities.
Introduction
Water is an essential nutrient for living organisms. The amount of freshwater resources is very limited in the world. However, water resources are open to pollution due to the growth of population, technological development and increasing industrial activities. Pollutants may disrupt the aquatic ecosystems at a certain concentration. Thus, preserving the quality of water is crucial for the wellbeing of humanity and aquatic organisms. Water quality can be defined by using physico-chemical and biological parameters. Measuring the physico-chemical and biological parameters and comparing the results with the limit values given in standards/ guidelines is a general approach during water quality assessment. However, this approach is very exhaustive and also time consuming due to the evaluation of large number of measured variables (Akkoyunlu & Akiner 2012; Sánchez et al. 2007; Tezcanli Guyer & Genc Ilhan 2011; Tunc Dede et al. 2013 ).
Different kinds of methods have been developed for easy assessment and interpretation of water quality data such as water quality index methods and statistical multivariate analysis (regression analysis, factor analysis, principal component analysis, cluster analysis, etc.) (Akkoyunlu & Akiner 2012; Boyacioglu & Boyacioglu 2007; Malik & Nadeem 2011; Mazlum et al. 1999) . Among these methods, statistical multivariate analysis for data classification and modeling has an advantage of getting additional information about possible sources of pollution in addition to its capability of handling large amount of raw data (Boyacioglu & Boyacioglu 2007) . Principal component analysis (PCA) and factor analysis (FA) aim to explain the relationship between the parameters in terms of the underlying factors, which are not directly observable. These analyses deal with the grouping of the correlated parameters and calculation of the new factors based on data set (Boyacioglu & Boyacioglu 2007 ). The only difference between PCA and FA is that PCA assumes that all variance is common and all unique factors set equal to zero while FA assumes some unique variance. Parameters can be either positively or negatively correlated. Parameters that are highly correlated means they are influenced by the same factors. PCA provides data reduction by selecting the parameters which represent the whole dataset and summarize the statistical correlation between parameters in water while keeping the original data loss at a minimum level. The main objective of the factor analysis is to determine the common factors affecting the parameters in the data set and to find the relation between the factors and the parameters (Boyacioglu & Boyacioglu 2007) . In this study, the water quality assessment of Kirmir Basin was studied and water quality data was evaluated by using factor analysis (FA) based on principal component analysis (FA/PCA).
Materials and Methods
Kirmir is among the most important branches of Sakarya River. It is third longest basins near Ankara, the capital city of Turkey and located between districts of Kızılcahamam and Beypazarı. 67% of the drinking water of Ankara is supplied by the main resources (Çamlıdere, Eğrekkaya and Akyar Dams) located in this basin. However, Kirmir basin is open to pollution due to livestock and agricultural activities, urban land uses, human activities and geothermal facilities (Tunc Dede et al. 2013; DEIAP 2016) . For the assessment of surface water quality in Kirmir, water samples were collected on a monthly base from 10 different stations in this area for one-year period from June 2009 to May 2010. Sampling was conducted in accordance with "Standard Methods 1060 Collection and Preservation of Samples" (Eaton & Clescen, 2005) . The analysis of water quality parameters was conducted according to Turkish Standards, Standard Methods and U.S. Environmental Protection Agency (EPA) methods. Factor and principal component analyses were employed to evaluate water quality data. Statistical analyses were done using Excel 2016 (Microsoft, 2016) and STATISTICA version 6.0 (SPSS, StatSoft, Inc., USA, 2001) software. The selected parameters for the estimation of surface water quality characteristics were: pH, electrical conductivity (EC), dissolved oxygen (DO), sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), chloride (Cl), sulphate (SO4), biological oxygen demand (BOD), Total coliforms, Escherichia coli, manganese (Mn), arsenic (As), boron (B), titanium (Ti), vanadium (V) and barium (Ba).
Results and Discussion
In this study, multivariate statistical techniques including factor and principal component analysis were applied to data set obtained from Kirmir Basin and its tributaries in Ankara, Turkey. Selected parameters and their descriptive statistics are given in Table 1 . In Table 1 , standard deviation for some parameters are at high values which demonstrate the variability during the sampling periods due to the anthropogenic effects and variation in precipitation and flow. In order to evaluate mean differences among annual mean values, standard deviation, minimum and maximum values of parameters for all sampling stations, analysis of variance (ANOVA) was employed. Covariance values were found higher than 0.5 which means that the relationship between these 18 parameters are important and application of factor analysis is meaningful. Water quality parameters were grouped by using factor analysis. Factor and principal component analysis was applied in three phases: 1. Preparation of the correlation matrix for all parameters, 2. Extraction of the initial set of factors by using an extraction method (centroid, maximum likelihood, principal component and principal axis extraction, etc.), 3. The rotation of the factors, aiming for increasing the relationship between some of the factors and parameters for simple and easy interpretation. Varimax procedure was used for the rotation. Varimax factors with eigenvalue 1 were retained. After rotation, the correlation between each parameter and each factor was obtained (Boyacioglu & Boyacioglu 2007; Malik & Nadeem 2011) . The correlation matrix of parameters was generated and five factors were extracted with principal component analysis method rotated by Varimax with Kaiser Normalization. The variance statement ratio of the factors has been optimized so as to be closer to each other by applying six rotations. Results of factor analysis including factor-loading matrix, eigenvalues, total and cumulative variances are presented in Table 2 . To confirm the results obtained during factor analysis, principal component analysis was applied to the water quality parameters data set. A scree plot showing the sorted eigenvalues as a function of the principal components number is given in Fig. 1 . As seen from the figure, PCA generated five significant components with eigenvalues greater than 1 (according to the "eigenvalue-one" criterion) (Azhar et al. 2015) . The breakpoint in the graph (component:5, eigenvalue:1) will also show us the number of the factors. And the group components are the same as in the factor analysis. Next, five significant factors which explained 74.06% of total variance of original variables were generated by using the factor analysis (Table 2) Based on factor loadings, FAC1 explained 29.75% of the variance and was strongly correlated with Na, B, As, EC, Cl, K, Ba and SO4. The elements Na, K and Cl are essential for living organisms and they are among the most abundant elements on earth. Water may expose to serious amounts of Na, K and Cl due to the urban land use. The higher amounts of these elements can cause serious health problems. For example, the excess amount of chloride may result in hearth and kidney problems and also corrosion in the pipes of water distribution systems (TSE 1998; WHO 2011) . Atmospheric activities, deposition from sedimentary rocks, sewage effluents and agricultural runoffs can be the reason of Cl in surface waters. Anthropogenic activities may increase K amount in water.
As is also an abundant element in Earth's crust and can be found in the form of sulfides and metal arsenide or arsenates. Exposure to high concentrations of arsenic can cause widespread health effects in humans. Volcanic rocks can be the reason increasing in arsenic amount in water. B occurs naturally in groundwater due to the rocks and soils containing borates and borosilicate. Surface water can be contaminated with boron as a result of wastewater discharge. Excess amounts can cause serious health problems (Malik & Nadeem 2011 , TSE 1998 , WHO 2011 . EC is an indirect measurement of total dissolved solids (TDS) which often is associated to waste water discharge and increase in dissolved salt amount cause increase in EC. Unexpected increase in EC is an indicator of the anthropogenic pollution in water (Akkoyunlu & Akiner 2012; Akoteyon et al. 2011) . SO4 can be found naturally in the environment at high concentrations. Soil and industrial effluents can cause the sulfate contamination in water. High amounts of sulfate in drinking water can cause bowel problems in humans and also bad taste in water (Akoteyon et al. 2011) . High amount of Ba contributes to hardness of water. The main sources of hardness in water is due to the sedimentary rocks and also some runoff from soils. Ca and Mg are the principal elements found in many sedimentary rocks and can cause hardness in water, too. High values of hardness cause aesthetic problems in water (WHO 2011; TSE 2000) .
In general Cl and SO4 indicate some biological and anthropogenic activities in the environment (Avtar et al. 2011 
Conclusions
This paper introduces assessment of water quality data based on 10 monitoring stations in Kirmir Basin around the capital city of Turkey, Ankara by using statistical multivariate analysis (factor and principal component analysis). FA/PCA identified water quality parameters in five groups. The results revealed that Kirmir basin is mainly deteriorated with non-point pollution sources including mainly agricultural activities, urban land uses and livestock activities. Minimization and controlling these activities will be helpful for improving the water quality and providing better ecology for living organisms in Kirmir Basin. Multivariate statistical analysis was successfully applied for the assessment of water quality in Kirmir basin. In comparison to other techniques, this method has an advantage of providing additional information about potential pollution sources while analyzing large amount of raw data.
